As part of our ongoing studies on bioactive natural products from marine sponges, we investigated the cytotoxic potential of extracts from the new sponge Petrosia tuberosa sampled from Mauritius waters. Bioguided fractionation of the ethyl acetate extract by vacuum liquid chromatography (VLC) revealed two fractions, namely VLC (6-9) and (13-17) showing cell deaths of 86 ± 1% and 88 ± 4%, respectively, at 50 µg/mL on HeLa cells. At 10 µg/mL, only VLC (13-17) displayed a significant cell death (56 ± 7%) compared with VLC (6-9) (8 ± 1 %). The cytotoxic activity of VLC (13-17) was also determined on nine other human cancer cell lines. Clonogenic assay, mitochondrial membrane potential change, DNA fragmentation and microscopic analysis of fraction VLC (13-17) revealed distinct features of apoptosis on HeLa cells. Further fractionation and purification of this fraction by chromatographic techniques resulted in isolation of one known secondary metabolite, petrosynol. Its structure was determined by 1 H and 13 C-NMR analyses.
The marine environment may contain over 80% of the world's plant and animal species. In recent years, many bioactive compounds have been isolated from various marine animals like tunicates, sponges, soft corals, bryozoans, sea slugs and other organisms [1] . Marine sponges, in particular, have attracted significant attention from various scientific disciplines such as chemists, microbiologists, paleontologists and biologists due to their diversity of secondary metabolites [2] . Owing to their soft bodies and sedentary lifestyles, these marine invertebrates have developed chemical means of defense against predators and colonizers by biosynthesizing secondary metabolites [3] .
Metabolites from sponges have been found to be effective therapeutic agents with anti-viral, anti-inflammatory, immunosuppressive or neurosuppressive, anti-biotic or anti-fouling, antibacterial and anti-tumor properties [4, 5] . Many bioactive compounds have been discovered from marine sponges and several analogs have been synthesized displaying significant results in preclinical and clinical studies [1] . To this end, marine sponges continue to attract attention as rich sources of structurally novel bioactive secondary metabolites [6] .
In our ongoing effort to evaluate the biological activities of marine organisms found in the Exclusive Economic Zone (EEZ) of Mauritius, we collected marine sponges around the island and initiated several screening programs. Here, we report the cytotoxic activities of the extracts, fractions and one compound obtained from the sponge Petrosia tuberosa and the ability of one fraction to induce apoptosis in human cervical cells. In the MTT assay, the n-hexane (80 ± 1 %) and ethyl acetate (83 ± 5 %) extracts demonstrated more profound cytotoxicity than the methanol extract (31 ± 16 %) on HeLa cells at 50 µg/mL. The ethyl acetate extract was purified by vacuum liquid chromatography (VLC) and the resulting fractions were further tested (Table 1) . Only, two VLC fractions, namely (6) (7) (8) (9) and (13) (14) (15) (16) (17) , showed inhibition of 86 ± 1 % and 88 ± 4 % at 50 µg/mL and on further testing at 10 µg/mL, only VLC (13-17) maintained such inhibitory activity. Thus, VLC (13) (14) (15) (16) (17) was tested on nine other human cell lines at two different concentrations, at 10 µg/mL and 50 µg/mL ( Table 2) . At 50 µg/mL, VLC (13) (14) (15) (16) (17) demonstrated activity ≥ 70 % on all cell lines except MCF-7 cells. However, at 10 µg/mL, only HL-60 and Mia-Paca cells showed significant cell death. Further fractionation of this VLC fraction resulted in the isolation of a known compound, petrosynol, which exhibited a growth inhibitory effect of 64 % at 50 µg/mL on Hela cells.
The ability of cells to form colonies after treatment with VLC (13-17) was investigated ( Figure 2A ). Control cells (treated with DMSO) showed a surviving fraction of 85 ± 5 %, whereas with increasing VLC (13-17) concentrations, the survival capacity of the cells decreased. There was no colony formation at 10, 25 and 50 µg/mL. Figure 2A : Clonogenic survival determination. Cells were exposed to VLC (13-17), washed with PBS and allowed to grow for 7 days. Colonies with >50 cells were counted.
Figure 2B:
Mitochondrial membrane potential change of VLC (13-17) treated cells after 3, 6 and 12 h at 10 and 50 µg/mL. A drastic drop is noticed in cells treated with 50 µg/mL. DMSO treated cells did not show any significant drop in membrane potential. Figure 2B demonstrates mitochondrial membrane potential (∆Ψ m ) when HeLa cells were treated with VLC fractions. A general decrease in membrane potential was noticed. However, a drastic drop in potential was noticed within the first 3 hours when the cells were exposed to 50 g/mL of VLC (13) (14) (15) (16) (17) .
As illustrated in Figure 3 , agarose gel electrophoresis of DNA extracted from HeLa cells treated with 10 and 50 µg/mL for 6 h and 12 h revealed a fragmentation pattern taking place in a concentration and time-dependent manner, a distinct feature of apoptosis. Hoechst 33258 staining was performed to confirm nucleimorphology. Morphological assessment demonstrated that at 25 g/mL VLC (13-17) induced apoptosis, while control cells demonstrated no cell death ( Figure 4 ).
Compound 1 was isolated from fraction (13) (14) (15) (16) (17) of the VLC fractions of the ethyl acetate extract of P. tuberosa. By comparison of the 1 H and 13 C NMR spectra of compound 1 with the data published by Fusetani et al. [7] (Table 3) , it was deduced that compound 1 was petrosynol ( Figure 1 ) (3S, 14S, 17S, 29S)triaconta-1, 12, 18, 29-tetrayne-4E, 15Z, 26E-trien-3, 14, 17, 28tetraol). Petrosia sp. has been known to yield polyacetylenes with interesting cytotoxicity against several human tumor cell lines [10] [11] [12] [13] . Inhibitors from the same species have demonstrated activity on the reverse transcriptase enzyme of the human immunodeficiency virus (HIV) [14] . Sponges of the family Petrosiidae are still yielding novel cytotoxic molecules [8, 9, 15, 16] and this was the impetus for us to investigate the new member of this family with the aim to Cytotoxic polyacetylene from Petrosia tuberosa Natural Product Communications Vol. 8 (5) 2013 637 isolate biologically active molecules. Initial screening [17] , as well as the preliminary results shown here, proved that P. tuberosa possesses such biological activity. 
Experimental

Materials and cell culture:
Species collection:
The sponge, taxonomically identified as Petrosia tuberosa, belongs to the class Demospongiae, order Haplosclerida, family Petrosiidae. The sponge was large, brown, with a compact structure without defined shape, and with visible oscules. It was collected through scuba diving at depths between 5-30 m and kept frozen until lyophilized for extraction. A specimen was photographed in situ for better species characterization and identified with the help of Prof. Rob Van Soest. A voucher sample was deposited at the Zoological Museum of the University of Amsterdam, Netherlands.
Fractionation of crude extract:
The sponge (417.0 g, dry weight) was exhaustively macerated with methanol: dichloromethane (1:1). After maceration, the solution was filtered and evaporated to dryness to yield the crude extract (57.5 g), which was dissolved in distilled water and partitioned with n-hexane to obtain the n-hexane extract (11.3 g), and partitioned with ethyl acetate to obtain the ethyl acetate extract (6.9 g). The resulting brown paste (insoluble in water and partially soluble in methanol) was separated and extracted with methanol to obtain the methanol extract (2.5 g).
Vacuum liquid chromatography (VLC) of ethyl acetate extract:
VLC was performed with the ethyl acetate extract (6.9 g) by applying it to silica gel (100 g) on a sintered funnel and eluted with n-hexane, n-hexane-EtOAc (9-1, 8-2, 7-3, 6-4, 1-1 and 2-8), EtOAc, EtOAc-MeOH (9-1, 8-2 and 1-1) and MeOH to give a total of 41 fractions. TLC was performed with each fraction and similar VLC fractions were combined, as follows: fr 1, 2, frs (3-5), (6-9), (10) (11) (12) , (13) (14) (15) (16) (17) , (18-20), (21-24), (25-29), (30-35) and (36-41). Only 7 fractions were tested using MTT assay as fr 1 & 2, frs (10-12) and fr (21-24)] were not available in enough quantity. VLC fraction (13-17) : Flash column chromatography was performed with VLC fraction (13) (14) (15) (16) (17) . The fraction (1.1 g) was separated on silica gel (25 g) with stepwise elution (n-hexane-EtOAc: 1-0, 9-1, 8-2, 7-3, 6-4, 1-1, 4-6, 3-7, 0-1 and EtOAc: MeOH: 9-1, 8-2, 7-3) to give 17 fractions. Of these, the eleventh fraction (0.1 g) was separated by CC with stepwise elution (CH 2 Cl 2 : EtOAc (1-0, 9-1, and 0-1) to give 8 sub-fractions. Compound 1 (3.9 mg) was isolated as yellow oil by preparative TLC of the fourth fraction. It was characterized by proton ( 1 H) and carbon ( 13 C) NMR spectroscopy on a 250 MHz Nuclear Magnetic Resonance (NMR) spectrometer at the University of Mauritius. Deuterated chloroform was used as solvent and tetramethylsilane was the internal standard. The chemical shifts are given in δ (ppm) and coupling constants in Hertz. 
Isolation of compound 1 from
Colony formation assay:
The colony forming ability of VLC (13) (14) (15) (16) (17) was investigated by performing the colony formation assay. Cells were plated in a 6 well plate (300/well) and allowed to incubate overnight. They were then exposed for 24 h to different concentrations of VLC (13-17) after which medium was aspirated and cells rinsed with PBS. Fresh medium was added to each well and the plate was incubated at 37 °C for 10 days. The cells were stained with Giemsa stain and colonies with greater than 50 cells were counted under a microscope. Experiments were conducted in triplicate.
Measurement of mitochondrial transmembrane potential:
The mitochondrial-specific cationic dye 5, 5′, 6, 6′-tetrachloro-1, 1′,3,3′tetraethylbenzimidazolcarbocyanineiodide (JC-1) that undergoes potential dependent accumulation in the mitochondria was used. Cells (1 x 10 4 ) were treated for various time periods in the presence of VLC fraction (13) (14) (15) (16) (17) , washed twice with PBS and incubated with 100 µL JC-1 for 30 min at 37 °C in the dark. Fluorescence intensity (JC-1 green, Ex = 485, Em = 528; for JC-1 red, Ex = 530, Em = 590) was measured with the microplate reader (Synergy HT, BioTek USA). The ratio of the red to green fluorescence of JC-1 was calculated. Experiments were performed in triplicate.
DNA fragmentation analysis:
Total DNA was extracted using a Favorprep Tm DNA extraction mini kit according to the supplier's manual. Cells (5 x 10 5 ) were cultured overnight in 12-well plate and then treated with 10 and 50 g/mL VLC (13-17) for 6 h and 12 h. Samples were resolved on agarose gel (1.8 %) at 50 V for 120 min in Tris-borate/EDTA electrophoresis buffer and visualized using ethidium bromide stain under UV transillumination.
Nuclear staining: HeLa cells (1 x 10 4 cells /well) were cultured on glass covers lips placed in a 12-well plate for 24 h. Cells were then treated with 25 g/mL of fraction VLC (13-17), washed with PBS 638 Natural Product Communications Vol. 8 (5) 2013
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and stained with Hoechst 33258 for 15 min at room temperature before being observed under a fluorescence microscope (Nikon Eclipse TE2000-S). Control cells received DMSO instead of fraction.
